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(54) LIQUID LENS MODULE AND CAMERA MODULE COMPRISING SAME

(57) Provided according to an embodiment is a liquid
lens module comprising: a first housing including a first
hole for coupling a first lens unit; a lower connection sub-
strate coupled to the first housing; an upper connection
substrate disposed on the lower connection substrate
and coupled to the first housing; and a liquid lens dis-
posed between the lower connection substrate and the
upper connection substrate and electrically connected to
the lower connection substrate and the upper connection
substrate, wherein the first substrate includes an opening
larger than the size of the liquid lens, the opening being
disposed at a position corresponding to the first hole in
the optical axis direction.
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Description

[Technical Field]

[0001] Embodiments relate to a camera module, and
more particularly to a camera module including a liquid
lens module and an optical device including the same.

[Background Art]

[0002] People who use portable devices demand op-
tical devices that have high resolution, are small, and
have various photographing functions (an autofocus (AF)
function, a hand-tremor compensation or optical image
stabilization (OIS) function, etc.). Such photographing
functions may be realized by directly moving a plurality
of lenses that are combined. In the case in which the
number of lenses is increased, however, the size of an
optical device may be increased.
[0003] The autofocus and hand-tremor compensation
functions are performed by tilting or moving a lens module
including a plurality of lenses, which are fixed to a lens
holder in the state in which the optical axes of the lenses
are aligned, along the optical axis or in a direction per-
pendicular to the optical axis. An additional lens moving
apparatus is used to move the lens module. However,
the lens moving apparatus consumes a lot of power, re-
quires driving members, such as magnets and coils, to
move the lens module, and requires extra space corre-
sponding to the moving range of the lens module in order
to move the lens module, thus leading to an increase in
the overall thickness of a camera module and an optical
device.
[0004] Therefore, research has been conducted on a
liquid lens configured to electrically adjust the curvature
of an interface between two kinds of liquid in order to
perform autofocus and hand-tremor compensation func-
tions.

[Disclosure]

[Technical Problem]

[0005] Embodiments provide a camera module capa-
ble of performing AF or OIS functions using a liquid lens
and an optical device.
[0006] Embodiments provide a camera module using
a liquid lens and an optical device, in which a liquid lens
and a solid lens are aligned with each other and are stably
connected to an external electrode, thus securing a ro-
bust structure and improving assembly efficiency.

[Technical Solution]

[0007] In one embodiment, a liquid lens module may
include a first housing including a first hole formed therein
to allow a first lens unit to be coupled thereto, a lower
connection substrate coupled to the first housing, an up-

per connection substrate disposed on the lower connec-
tion substrate, the upper connection substrate being cou-
pled to the first housing, and a liquid lens disposed be-
tween the lower connection substrate and the upper con-
nection substrate, the liquid lens being electrically con-
nected to the lower connection substrate and to the upper
connection substrate, wherein the upper connection sub-
strate may include an opening that is larger than the liquid
lens, and the opening may be disposed at a position cor-
responding to the first hole in an optical-axis direction.
[0008] The liquid lens may include a first plate including
a cavity formed therein to accommodate a first liquid,
which is conductive, and a second liquid, which is non-
conductive, therein, a first electrode disposed on the first
plate, and a second electrode disposed under the first
plate. The upper connection substrate may be electrically
connected to the first electrode, and the lower electrode
may be electrically connected to the second electrode.
[0009] The liquid lens module may further include a
second plate disposed on the first electrode and a third
plate disposed under the second electrode.
[0010] An upper electrode and the first electrode may
be connected to each other through wire bonding.
[0011] The liquid lens module may further include a
second housing disposed on the liquid lens, the second
housing being coupled to the first housing and including
a second hole formed therein at a position corresponding
to the first hole in the optical-axis direction to allow the
second lens unit to be coupled thereto.
[0012] The second hole in the second housing may
face a cavity of the liquid lens, and the first hole in the
first housing may face the cavity of the liquid lens.
[0013] The liquid lens module may be electrically con-
nected to the upper connection substrate and the lower
connection substrate using a conductive epoxy.
[0014] The upper connection substrate may be dis-
posed in a corner region of the first housing.
[0015] In another embodiment, a camera module may
include a liquid lens module, including a first housing in-
cluding a first hole formed therein to allow a first lens unit
to be coupled thereto, a lower connection substrate cou-
pled to the first housing, an upper connection substrate
disposed on the lower connection substrate and coupled
to the first housing, and a liquid lens disposed between
the lower connection substrate and the upper connection
substrate so as to be electrically connected to the lower
connection substrate and to the upper connection sub-
strate, wherein the upper connection substrate may in-
clude an opening that is larger than the liquid lens and
the opening may be disposed at a position corresponding
to the first hole in an optical-axis direction, a circuit board
electrically connected to the liquid lens module, and a
light-receiving element disposed inside the liquid lens.
[0016] The camera module may further include a cover
surrounding the liquid lens module.
[0017] The camera module may further include a sec-
ond housing disposed on the liquid lens, the second
housing being coupled to the first housing and including
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a second hole formed therein at a position corresponding
to the first hole in an optical-axis direction to allow the
second lens unit to be coupled thereto. The second hole
in the second housing may face a cavity of the liquid lens.
The camera module may further include a first lens unit
inserted into an opening in the second housing.
[0018] The first lens unit may include a first lens that
is adjacent to the liquid lens, the size of a first opening
in the upper surface of the cavity may be less than the
size of the first lens, and the size of the liquid lens may
be greater than the size of the first lens.
[0019] The camera module may further include a sec-
ond lens unit inserted and disposed in the opening in the
second housing. The second lens unit may include a sec-
ond lens that is adjacent to the liquid lens, and the size
of a second opening in the lower surface of the cavity
may be greater than the size of an effective area of the
second lens.
[0020] The upper connection substrate may be a flex-
ible printed circuit board, a portion of the flexible printed
circuit board may extend outside the first housing and
may be bent toward a lower region, and the lower con-
nection substrate may be a metal plate made of a con-
ductive metal material.
[0021] The camera module may further include a cover
surrounding the first housing, the liquid lens, and the sec-
ond housing. The cover may include an opening formed
in an upper surface thereof, and the opening may be
disposed opposite the opening in the second housing.
The cover may include an open region formed in a side
surface thereof, through which the first connection sub-
strate extends to the outside.
[0022] The upper connection substrate and the lower
connection substrate may be disposed so as to extend
outside the first housing.
[0023] In still another embodiment, a method of man-
ufacturing a liquid lens module may include disposing a
lower connection substrate in the lower portion of a first
housing, coupling a first substrate, which is flexible and
includes an upper connection substrate, to the upper por-
tion of the first housing, disposing a liquid lens between
the lower connection substrate and the first substrate,
connecting a second electrode of the liquid lens to the
lower connection substrate, connecting a first electrode
of the liquid lens to the first substrate, and disposing a
second housing on the liquid lens.

[Advantageous Effects]

[0024] A liquid lens module and a camera module in-
cluding the same according to the embodiments may per-
form an AF or OIS function by adjusting the interface
between first and second liquids using electrical energy,
thereby consuming a small amount of power compared
to a configuration in which lenses are mechanically
moved. In addition, a liquid lens may be inserted and
secured between first and second housings, and may be
securely connected to a circuit board for electrical con-

nection therewith.
[0025] In addition, the optical axis of a liquid lens and
the optical axes of first and second lens units may be
easily aligned.

[Description of Drawings]

[0026]

FIG. 1 is a view illustrating a liquid lens,
FIGS. 2a to 2e are views illustrating the liquid lens,
first and second housings, and first and second con-
nection substrates,
FIG. 3 is a view illustrating the state in which a second
connection substrate is coupled to the first housing,
FIG. 4 is a view illustrating a process of coupling the
first connection substrate to the structure shown in
FIG. 3,
FIG. 5 is a view illustrating a process of coupling the
liquid lens to the structure shown in FIG. 4,
FIG. 6 is a view illustrating wire bonding between the
liquid lens and the first connection substrate,
FIG. 7 is a view illustrating a process of coupling the
second housing to the structure shown in FIG. 6,
FIG. 8 is a view illustrating a process of coupling first
and second lens units to the structure shown in FIG.
7,
FIG. 9 is a perspective view of a camera module
including the liquid lens shown in FIG. 1, and
FIG. 10 is a side view of FIG. 9.

[Best Mode]

[0027] Hereinafter, embodiments for accomplishing
the aforementioned objects will be described with refer-
ence to the accompanying drawings.
[0028] In the following description of the embodiments,
it will be understood that, when each element is referred
to as being "on" or "under" another element, it can be
"directly" on or under another element or can be "indi-
rectly" formed such that an intervening element is also
present. In addition, when an element is referred to as
being "on" or "under", "under the element" as well as "on
the element" may be included based on the element.
[0029] FIG. 1 is a view illustrating a liquid lens.
[0030] In the embodiment, the liquid lens may be mod-
ularized in first and second housings so as to be coupled
to first and second lens units or to be easily assembled
in a camera module.
[0031] The liquid lens 300 may include liquids, a first
plate, and electrodes.
[0032] The liquids may include a conductive liquid and
a non-conductive liquid. The first plate may include a cav-
ity formed therein, and the liquids may be disposed in
the cavity. The side surface of the cavity may include an
inclined surface. The electrodes may be disposed on or
under the first plate. The electrodes may include a com-
mon electrode (or a first electrode) and an individual elec-
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trode (or a second electrode), which may be disposed
on or under the first plate. The common electrode may
include one electrode sector, and a reference voltage
may be applied to the electrode sector of the common
electrode. The individual electrode may include a plurality
of electrode sectors. Independent voltages may be ap-
plied to the electrode sectors. The shape of the interface
formed by the conductive liquid and the non-conductive
liquid may be adjusted by adjusting the voltage applied
to the common electrode and the voltage applied to the
individual electrode. A second plate or a third plate may
be disposed on or under the first plate or the electrodes.
The voltage applied to the electrodes may be of a pulse
type.
[0033] The liquid lens 300 may include a first plate 310,
a first liquid 350, a second liquid 340, a second plate 320,
a third plate 330, a first electrode 355, and a second
electrode 345.
[0034] In detail, the first plate 310 may include a cavity
formed therein to accommodate the first liquid 350, which
is conductive, and the second liquid 340, which is non-
conductive, therein. The first electrode 155 may be dis-
posed on the first plate 310, the second electrode 345
may be disposed under the first plate, the second plate
320 may be disposed on the first electrode 355, and the
third plate 330 may be disposed under the second elec-
trode 345.
[0035] The first plate 310 may be disposed between
the second plate 320 and the third plate 330, and may
include upper and lower openings, each having a prede-
termined inclined surface i (e.g. an inclined surface hav-
ing an angle of about 55 to 65 degrees or an angle of 50
to 70 degrees) . The region surrounded by the aforemen-
tioned inclined surface, the first opening oriented toward
the second plate 320, and the second opening oriented
toward the third plate 330 may be defined as a ’cavity’.
[0036] The first plate 310 is a structure that accommo-
dates the first and second liquids 350 and 340 therein.
Each of the second plate 320 and the third plate 330 may
include a region through which light passes, and thus
may be made of a light-transmitting material such as, for
example, plastic or glass. The second plate 320 and the
third plate 330 may be made of the same material for
convenience of processing.
[0037] Further, the first plate 310 may include not only
a transparent material through which light easily passes
but also impurities so that light does not easily pass there-
through.
[0038] In the camera module, the second plate 320 is
a structure through which light incident thereon from the
first lens unit disposed thereabove travels to the interior
of the cavity, and the third plate 330 is a structure through
which the light that has passed through the cavity travels
to the second lens unit disposed thereunder.
[0039] The cavity may be filled with the first liquid 350
and the second liquid 340, having different properties
from each other, and an interface may be formed be-
tween the first liquid 350 and the second liquid 340. The

curvature and the inclination of the interface formed be-
tween the first liquid 350 and the second liquid 340 may
be changed.
[0040] That is, a configuration in which the surface ten-
sion of the first and second liquids 350 and 340 is
changed using electrical energy may reduce the size of
a camera module compared to a configuration in which
a focal length is adjusted by moving solid lenses (adjust-
ing the distance between the lenses), and may consume
a small amount of power compared to a configuration in
which lenses are mechanically moved using a motor or
the like.
[0041] The first liquid 350 may be oil, specifically phe-
nyl-based silicon oil.
[0042] The second liquid 340 may be made of, for ex-
ample, a mixture of ethylene glycol and sodium bromide
(NaBr).
[0043] Each of the first liquid 350 and the second liquid
340 may include at least one of a sterilizing agent or an
antioxidant. The sterilizing agent may be a phenol-based
antioxidant or a phosphorus (P)-based antioxidant. The
sterilizing agent may be any one of an alcohol-based
sterilizing agent, an aldehyde-based sterilizing agent,
and a phenol-based sterilizing agent.
[0044] The first electrode 355 may be disposed on a
portion of the upper surface of the first plate 310, and
may be in direct contact with the second liquid 350. The
second electrode 345 may be spaced apart from the first
electrode 35, and may be disposed on the upper surface,
the side surface and the lower surface of the first plate
310.
[0045] The side surface of the first plate 310 or the side
surface of an insulation layer 360 may form the inclined
surface or the side wall of the cavity. An insulation layer
360 may be disposed between the first electrode 355 and
the liquid (the first liquid 350 or the second liquid 340).
[0046] An electrical signal received from an external
circuit board may be applied to the first electrode 355
and the second electrode 345 in order to control the in-
terface between the first liquid 350 and the second liquid
340.
[0047] The first electrode 355 and the second elec-
trode 345 may be made of a conductive material, e.g.
metal, and specifically may include chrome (Cr). Chro-
mium or chrome is a glossy silver rigid transition metal,
which is not fragile, does not readily discolor, and has a
high melting point.
[0048] Further, since an alloy including chromium ex-
hibits high corrosion resistance and rigidity, chromium
may be used in the state of being alloyed with other met-
als. In particular, since chrome (Cr) is not easily corroded
or discolored, chrome exhibits high resistance to the con-
ductive liquid charged in the cavity.
[0049] The insulation layer 360 may be disposed so
as to cover the upper surface of the third plate 330 on
the bottom surface of the cavity, the second electrode
145 forming the side wall of the cavity, a portion of the
first electrode 355 on the upper surface of the first plate
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310, the first plate 310, and the second electrode 345.
The insulation layer 360 may be implemented as, for ex-
ample, a parylene C coating agent, and may further in-
clude a white dye. The white dye may increase the fre-
quency at which light is reflected by the insulation layer
360 forming the side wall i of the cavity.
[0050] As illustrated, the second liquid 340 may be dis-
posed above the third plate 330, with the insulation layer
360 interposed therebetween, and the first liquid 350 may
be in direct surface contact with the first electrode 355.
[0051] The size of the cross-section of the first opening
may be greater than the size of the cross-section of the
second opening. In the case in which each of the first
and second openings has a circular-shaped cross-sec-
tion, the size thereof may be a radius. In the case in which
each of the first and second openings has a square-
shaped cross-section, the size thereof may be the length
of one side.
[0052] The edge of each of the second plate 320 and
the third plate 330 may have a circular shape or an an-
gular shape such as a quadrangular shape. However,
the disclosure is not limited thereto.
[0053] The first electrode 355 may be exposed on at
least a portion of the edge of the second plate 320, and
the second electrode 345 may be exposed on at least a
portion of the edge of the third plate 330.
[0054] The liquid lens may include a connection sub-
strate disposed on or under the first plate 310. One or
two or more connection substrates may be provided. For
example, a first connection substrate 356 may be dis-
posed on the first electrode 355, and a second connection
substrate 346 may be disposed under the second elec-
trode 345.
[0055] The first connection substrate 356 may be dis-
posed on the first electrode 355 in the outer region of the
second plate 320, and the second connection substrate
346 may be disposed on the second electrode 345 in the
outer region of the third plate 300.
[0056] One or two or more connection substrates may
be provided. A portion of the connection substrate may
be connected to the electrode of the liquid lens 300, and
another portion of the connection substrate may be elec-
trically and/or physically connected to the sensor sub-
strate on which the image sensor is disposed. The con-
nection substrate may be bonded to the electrode of the
liquid lens using a conductive epoxy, and may be sol-
dered to the sensor substrate. Specifically, the connec-
tion substrate may include one or two or more connection
terminals, and the connection terminal may be connected
to the electrode of the liquid lens or to the electrode of
the sensor substrate.
[0057] Although not illustrated, a conductive epoxy
may be disposed between the first electrode 355 and the
first connection substrate 356, and may also be disposed
between the second electrode 345 and the second con-
nection substrate 346. The first connection substrate or
the second connection substrate may be electrically
and/or physically connected to the first electrode or to

the second electrode using a conductive epoxy.
[0058] The first and second electrodes 355 and 345
may be electrically connected to the first and second con-
nection substrates 356 and 346, and first and second
connection substrates 220 and 240, which will be de-
scribed layer, may respectively have the same configu-
rations as the connection substrates 356 and 346 de-
scribed above. The first connection substrate 220 may
be an upper electrode of the liquid lens module, the sec-
ond connection substrate 240 may be a first substrate,
and a connection electrode 226, which will be described
later, may be a part of the upper electrode.
[0059] FIGS. 2a to 2e are views illustrating the liquid
lens, the first and second housings, and the first and sec-
ond connection substrates.
[0060] FIG. 2a is a perspective view of the first housing
200, FIG. 2b is a perspective view of the first connection
substrate 220, FIG. 2c is a perspective view of the second
connection substrate 240, FIG. 2d is a perspective view
of the liquid lens 300, and FIG. 2e is a perspective view
of the second housing 260.
[0061] FIG. 3 is a view illustrating the state in which
the second connection substrate is coupled to the first
housing.
[0062] The first housing 200 includes an opening or a
through-hole formed in the central region thereof, and
has a stepped structure at the periphery of the opening.
The stepped structure may include an upper portion 202
and a lower portion 204, and a side wall 206 may be
disposed on the periphery of the upper portion 202.
[0063] The side wall 206 may include a cut-out portion
formed in a portion thereof, through which a portion of
the first connection substrate 220 or a portion of the sec-
ond connection substrate 240 may be exposed to the
outside.
[0064] The lower portion 204 of the above-described
stepped structure may include one or two or more (e.g.
four) open regions formed in the corners thereof. A por-
tion of the first connection substrate or a portion of the
second connection substrate 240 may be exposed
through the open region.
[0065] The second connection substrate 240 may be
provided in the first housing 240, and may include a first
connection electrode 242 and a second connection elec-
trode 244. The first connection substrate or the second
connection substrate may be disposed in the first housing
in an insert-molding manner. A portion of the first con-
nection electrode 242 may be exposed through the open
region described above, and the second connection elec-
trode 244 may extend from the side surface of the first
connection electrode 242 in the downward or upward di-
rection.
[0066] FIG. 4 is a view illustrating the process of cou-
pling the first connection substrate to the structure shown
in FIG. 3.
[0067] In the state in which the second connection sub-
strate 240 is coupled to the lower side of the first housing
200, the liquid lens 300 may be disposed on the first
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housing 200, and then the first connection substrate 220
may be disposed on the first housing 200. Alternatively,
the first connection substrate 220 may be disposed on
the first housing 200, and then the liquid lens 300 may
be disposed on the first housing 200. In detail, the liquid
lens 300 may be disposed on the upper portion 204 of
the stepped structure of the first housing 200.
[0068] The first connection substrate 220 may include
a base portion 222, a connection terminal 226 connected
to the liquid lens 300, an extension portion 224 extending
from the edge of the base portion 222, and a plurality of
connection terminals 228 disposed at the end of the ex-
tension portion 224 and connected to the sensor sub-
strate. The base portion 222 and the extension portion
224 may be made of an insulative material, and the con-
nection terminal 226 may be made of a conductive ma-
terial.
[0069] The base portion 222 may be formed in the
shape of a closed curve having a rectangular periphery
or an open curve having a cut-out portion formed in a
portion thereof, and the connection electrode 226 may
be exposed upwards in the vertex region of the rectangle.
The base portion 222 may include a through-hole or an
opening formed in the center of the periphery thereof.
[0070] The extension portion 224 may extend to the
outside of the first housing 200 through the cut-out portion
of the first housing 200, and may be bent in the downward
or upward direction, which will be described later. The
connection electrodes 228 connected to the sensor sub-
strate may be electrically connected to the connection
electrode 226 connected to the electrode of the liquid
lens.
[0071] Each of the first connection substrate 220 and
the second connection substrate 240 may be, for exam-
ple, a flexible printed circuit board.
[0072] FIG. 5 is a view illustrating the process of cou-
pling the liquid lens to the structure shown in FIG. 4.
[0073] In the state in which the second connection sub-
strate 240 is coupled to the first housing 200, the liquid
lens 300 and the first connection substrate 220 may be
disposed on the first housing 200. At this time, the liquid
lens 300 may be disposed prior to the first connection
substrate 220, or the first connection substrate 220 may
be disposed prior to the liquid lens 300. The liquid lens
300 may be disposed in the opening or in the through-
hole formed in the center of the first connection substrate
220.
[0074] At this time, the connection electrode 226 of the
first connection substrate 220 may be exposed in the
region indicated by ’A’.
[0075] The opening in the first housing 200 and the
opening in the first connection substrate 220 may be dis-
posed so as to face the liquid lens 300.
[0076] FIG. 6 is a view illustrating wire bonding be-
tween the liquid lens and the first connection substrate.
[0077] A portion of the second connection substrate
240, which is disposed in the lower portion of the first
housing 200, may be exposed through one side surface

of the first housing 200, and a portion of the first connec-
tion substrate 220, which is disposed in the upper portion
of the first housing 200, may be exposed through the
same side surface of the first housing 200, or may be
exposed in the opposite direction (e.g. through the op-
posite side surface of the first housing). The liquid lens
300 may be disposed in the opening formed in the center
of the first connection substrate 220.
[0078] The second connection substrate 346, which is
disposed at the lower side of the liquid lens 300, may be
electrically connected to the second connection sub-
strate 240 disposed thereunder. The first connection sub-
strate 356, which is disposed in the outer region of the
second plate 320 disposed at the upper side of the liquid
lens 300, may be electrically connected to the connection
electrode 226 disposed at the edge of the base portion
222 of the first connection substrate 220 by, for example,
bonding a wire 250 thereto.
[0079] FIG. 7 is a view illustrating the process of cou-
pling the second housing to the structure shown in FIG. 6.
[0080] In the state in which the first and second con-
nection substrates 220 and 240 are respectively dis-
posed in the upper portion and the lower portion of the
first housing 200, in which the liquid lens 300 is inserted
into the opening in the first connection substrate 240, and
in which the liquid lens 300 is electrically connected to
the first connection substrate 220 via the wire 250, the
second housing 360 may be disposed on the liquid lens
300.
[0081] At this time, the second housing 260 may be
fitted and secured to the side wall 206 of the first housing
200. That is, the second housing 260 may serve as a
cover.
[0082] The second housing may include an opening
formed in the central region thereof, and the opening may
be disposed so as to face the cavity in the liquid lens 300.
[0083] The liquid lens module may be manufactured
through the processes shown in FIGS. 3 to 7.
[0084] In detail, as illustrated in FIG. 3, the lower elec-
trode may be disposed in the lower portion of the first
housing (e.g. through insert molding). Subsequently, as
illustrated in FIG. 4, the first substrate, which is flexible
and includes the upper electrode, may be coupled to the
upper portion of the first housing. Subsequently, as illus-
trated in FIG. 5, the liquid lens may be disposed between
the lower electrode and the first substrate, and the sec-
ond electrode of the liquid lens may be connected to the
lower electrode. At this time, the liquid lens may be con-
nected to the lower electrode using an adhesive such as
a conductive epoxy. To this end, an adhesive may be
applied to the open region shown in FIG. 3. Subsequent-
ly, as illustrated in FIG. 6, the first electrode may be con-
nected to the first substrate through wire bonding or the
like. Subsequently, as illustrated in FIG. 7, the second
housing may be disposed on the liquid lens. When the
liquid lens module is manufactured, at least some of the
above steps may be combined, or the sequence of the
steps may be changed.

9 10 



EP 3 575 856 A1

7

5

10

15

20

25

30

35

40

45

50

55

[0085] FIG. 8 is a view illustrating the process of cou-
pling the first and second lens units to the structure shown
in FIG. 7.
[0086] The second lens unit 400 and the first lens unit
100 may be respectively inserted and disposed in the
opening (not shown) formed in the central region of the
first housing 200 and the opening formed in the central
region of the second housing 260. Here, each of the first
lens unit 100 and the second lens unit 400 may include
a plurality of lenses.
[0087] As illustrated in FIG. 8, the first lens unit 100
may be simply fitted into the second hole in the second
housing 260 of the liquid lens module, and the second
lens unit 200 may be simply fitted into the first hole in the
first housing 200.
[0088] In order to distinguish the first and second lens
units 100 and 400 from the liquid lens 300, the first and
second lens units 100 and 400 may be referred to as first
and second solid lens units or first and second optical
lens units, and may be made of a glass-based or plastic-
based material.
[0089] The size of the above-described first opening
in the upper surface of the cavity of the liquid lens 300
may be larger than the size of the effective area of the
first lens unit 100. The size of the above-described sec-
ond opening in the lower surface of the cavity of the liquid
lens 300 may be larger than the size of the effective area
of the second lens unit 400.
[0090] Here, in the case in which the first surface or
the second surface of the lens is spherical or aspherical,
the ’effective area’ is a spherical or aspherical area, which
is a path through which light travels.
[0091] In the above-described structure, all of the light
incident from the first lens unit may travel to the cavity in
the liquid lens 300, and the light traveling downwards
from the liquid lens 300 may be incident on the entire
effective area of the second lens unit.
[0092] Although not illustrated, the first housing 200
may include a protruding portion, which is disposed on
the lower surface of the first housing 200 in the downward
direction. In the camera module to be described later,
the protruding portion may serve as a spacer that allows
the liquid lens module to be maintained at a constant
interval from the sensor substrate or a circuit board 800
disposed thereunder.
[0093] FIG. 9 is a perspective view of a camera module
including the liquid lens shown in FIG. 1, and FIG. 10 is
a side view of FIG. 9.
[0094] The camera module may include a lens assem-
bly 1000, which includes a plurality of lenses including a
liquid lens unit, the focal length of which is adjusted ac-
cording to a driving voltage applied between a common
terminal and a plurality of individual terminals, and a con-
trol circuit 2000 for supplying a driving voltage to the liquid
lens.
[0095] The configuration of the control circuit 2000 may
be designed differently in accordance with the specifica-
tions required for a photographing device. In particular,

in order to reduce the intensity of the operating voltage
applied to the lens assembly 1000, the control circuit
2000 may be implemented as a single chip. As a result,
it is possible to further reduce the size of the camera
module that is mounted in a portable device.
[0096] The lens assembly 1000 may be configured
such that a cover 600 surrounds the upper surface and
the side surfaces of the structure in which the first and
second housings 200 and 260, the first and second con-
nection substrates 220 and 240, the liquid lens 300, and
the first and second lens units 100 and 400 are assem-
bled together.
[0097] The cover 600 may include an opening formed
in the upper surface thereof, through which the first lens
unit 100 is exposed. Light may be incident through the
opening from the outside. Here, the opening formed in
the upper surface of the cover 600 may be opposite the
opening formed in the above-described second housing.
[0098] The illustrated structure of the lens assembly
1000 is just one example, and the structure of the lens
assembly 1000 may be changed depending on the spec-
ifications required for the camera module.
[0099] The first lens unit 100 may be disposed at the
front side of the lens assembly 1000, and may receive
light incident thereon from outside the lens assembly
1000. The first lens unit 100 may include a plurality of
lenses, and the lenses may be aligned along a center
axis to form an optical system. Here, the center axis may
be the same as the optical axis of the optical system.
[0100] An exposure lens (not shown) may be provided
on the front surface of the first lens unit 100, and a cover
glass may be disposed in front of the exposure lens. The
exposure lens may protrude so as to be exposed to the
outside of the cover 600, and thus the surface thereof
may be damaged.
[0101] If the surface of the lens is damaged, the quality
of an image captured by the camera module may be de-
teriorated. In order to prevent or suppress damage to the
surface of the exposure lens, a method of disposing a
cover glass, a method of forming a coating layer, or a
method of forming the exposure lens using a wear-re-
sistant material for preventing damage to the surface of
the exposure lens may be applied.
[0102] The cover 600 and the structures provided in-
side the cover 600 may be disposed on the base 700. A
light-receiving element (not shown) may be disposed un-
der the second lens unit 400, and the light-receiving el-
ement may be, for example, an image sensor.
[0103] As illustrated, the cover 600 may include an
open region, which is formed by cutting a portion of one
side surface of the cover 600, and the first connection
substrate and the second connection substrate may ex-
tend so as to be exposed to the outside through the open
region. In detail, the first electrode, which extends so as
to be exposed to the outside, may be the extension por-
tion 224 and the pads 228, and the second electrode,
which extends so as to be exposed to the outside, may
be the second connection electrode 244.
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[0104] The second connection electrodes 228 of the
first connection substrate 220 and the second connection
electrode 244 of the second connection substrate 240
may be electrically connected to pads 810 of the circuit
board 800 disposed thereunder.
[0105] The extension portion 224 and the pads 228,
which are the first electrode extending so as to be ex-
posed to the outside, and the second connection elec-
trode 244, which is the second electrode extending so
as to be exposed to the outside, may protrude to the
outside through one side surface of the first housing 200,
and may be disposed in the downward direction, as de-
scribed above with reference to FIG. 5.
[0106] In the case in which the first and second con-
nection substrates are provided together at one side sur-
face of the lens assembly 1000, from which a portion of
the cover 600 is removed, the regions that are in contact
with the pads 810 of the circuit board 800 may be dis-
posed adjacent to each other.
[0107] The liquid lens and the camera module includ-
ing the same according to the embodiment may reduce
the size of the camera module by changing the surface
tension of the first and second liquids using electrical
energy, and may consume a small amount of power by
performing an AF or OIS function using electrical energy
compared to a configuration in which lenses are mechan-
ically moved.
[0108] The liquid lens may be inserted and secured
between the first and second housings. The second elec-
trode of the liquid lens may be in surface contact with the
second connection electrode disposed thereunder, and
the first electrode thereof may be electrically connected
to the first connection electrode disposed thereabove
through wire bonding.
[0109] The liquid lens may be secured to the correct
position using the first and second housings, and the first
and second lens units may also be secured to the correct
positions through the openings in the first and second
housings, with the result that the optical axis of the liquid
lens and the optical axes of the first and second lens units
may be accurately aligned.
[0110] The liquid lens module may be coupled to the
above-described first and second lens units, may be in-
serted into the holder, and may be disposed inside the
camera module. In the camera module, a light-receiving
element such as an image sensor may be disposed under
the liquid lens module. The light-receiving element may
be provided in the sensor substrate together with the cir-
cuit substrate. The width and/or the length of a unit pixel
of the image sensor may be, for example, 2 mm (microm-
eters) or less.
[0111] The camera module including the above-de-
scribed liquid lens module may be mounted in various
digital devices, such as a digital camera, a smartphone,
a laptop computer, and a tablet PC. In particular, the cam-
era module may be mounted in mobile devices to realize
an ultra-thin high-performance zoom lens.
[0112] For example, a digital device, in which the cam-

era module, including the liquid lens, the first and second
lens units, the filter, and the light-receiving element, con-
verts an image incident from the outside into an electrical
signal, may include a display module including a plurality
of pixels, the colors of which are changed by the electrical
signal. The display module and the camera module may
be controlled by a control unit.
[0113] While the present disclosure has been particu-
larly shown and described with reference to exemplary
embodiments thereof, these embodiments are only pro-
posed for illustrative purposes and do not restrict the
present disclosure, and it will be apparent to those skilled
in the art that various changes in form and detail may be
made without departing from the essential characteristics
of the embodiments set forth herein. For example, re-
spective configurations set forth in the embodiments may
be modified and applied. Further, differences in such
modifications and applications should be construed as
falling within the scope of the present disclosure as de-
fined by the appended claims.

[Industrial Applicability]

[0114] A liquid lens module and a camera module in-
cluding the same according to the embodiments may be
used in mobile devices.

Claims

1. A liquid lens module, comprising:

a first housing comprising a first hole formed
therein to allow a first lens unit to be coupled
thereto;
a lower connection substrate coupled to the first
housing;
an upper connection substrate disposed on the
lower connection substrate, the upper connec-
tion substrate being coupled to the first housing;
and
a liquid lens disposed between the lower con-
nection substrate and the upper connection sub-
strate, the liquid lens being configured to be
electrically connected to the lower connection
substrate and to the upper connection substrate,
wherein the upper connection substrate com-
prises an opening that is larger than the liquid
lens, and
wherein the opening is disposed at a position
corresponding to the first hole in an optical-axis
direction.

2. The liquid lens module according to claim 1, wherein
the liquid lens comprises:

a first plate comprising a cavity formed therein
to accommodate a first liquid, which is conduc-
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tive, and a second liquid, which is non-conduc-
tive, therein;
a first electrode disposed on the first plate; and
a second electrode disposed under the first
plate,
wherein the upper connection substrate is con-
figured to be electrically connected to the first
electrode, and the lower electrode is configured
to be electrically connected to the second elec-
trode.

3. The liquid lens module according to claim 1, further
comprising a second housing disposed on the liquid
lens, the second housing being coupled to the first
housing and comprising a second hole formed there-
in at a position corresponding to the first hole in an
optical-axis direction to allow the second lens unit to
be coupled thereto.

4. The liquid lens module according to claim 3, wherein
the second hole in the second housing faces a cavity
of the liquid lens, and the first hole in the first housing
faces the cavity of the liquid lens.

5. The liquid lens module according to claim 3, wherein
the liquid lens module is configured to be electrically
connected to the upper connection substrate and to
the lower connection substrate using a conductive
epoxy.

6. The liquid lens module according to claim 1, wherein
the upper connection substrate is disposed at a cor-
ner region of the first housing.

7. A camera module, comprising:

a first lens unit;
a first housing comprising a first hole formed
therein to allow the first lens unit to be disposed
therein;
a lower connection substrate coupled to the first
housing;
an upper connection substrate disposed on the
lower connection substrate, the upper connec-
tion substrate being disposed in the first hous-
ing;
a liquid lens disposed between the lower con-
nection substrate and the upper connection sub-
strate, the liquid lens being configured to be
electrically connected to the lower connection
substrate and to the upper connection substrate;
and
a circuit board on which an image sensor is dis-
posed, the circuit board being electrically con-
nected to the lower connection substrate and to
the upper connection substrate.

8. The camera module according to claim 7, further

comprising:

a second housing disposed on the liquid lens,
the second housing being coupled to the first
housing and comprising a second hole formed
therein at a position corresponding to the first
hole in an optical-axis direction to allow the sec-
ond lens unit to be coupled thereto,
wherein the second hole in the second housing
faces a cavity of the liquid lens, and
wherein the camera module further comprises
a first lens unit inserted into an opening in the
second housing.

9. The camera module according to claim 7, wherein
the upper connection substrate is a flexible printed
circuit board,
wherein a portion of the flexible printed circuit board
extends to an outside of the first housing, and is bent
toward a lower region, and
wherein the lower connection substrate is a metal
plate made of a conductive metal material.

10. The camera module according to claim 7, wherein
the lower connection substrate is disposed in the first
housing in an insert-molding manner.
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